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From nature to engineering:
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• Fractal geometry:
• Respiratory systems and vascular systems 
of plants and animals
• Intrinsic advantage of minimized flow 
resistance and strong heat transfer 
capability
Koch and Barthlott (2009) Min et al. (2008) https://geckskin.umass.edu/#zone-content
Antonets et al. (1991) 
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Fractal Theory
Murray’s law (Murray, 1926):
Total work = pumping power + 


























(Chen and Cheng, 2002)
(Luo et al., 2007)




Laminar flow and negligible heat loss to environment (1);
Negligible gravity (2);
Specific assumptions:
Fully developed/developing flow in channel (3a/3b);
Negligible/non-negligible loss at bifurcation (4a/4b);
Constant/temperature dependent properties (5a/5b)；
Constant heat flux at channel wall/constant temperature with 
adiabatic top/constant heat flux at bottom plate and conjugated 
heat transfer of wall. (6a/6b/6c)
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Accuracy Simplicity Calculation time
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Performance
Compared with serpentine channels, fractal channels 
have:
Larger heat transfer capability 
Lower pressure drop (50%, Senn and Poulikakos, 2004)
More uniform temperature on the heating surface
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Compared with parallel channels, fractal channels have:
Larger heat transfer capability (30˚C lower wall temperature, 
Pence, 2002) 
More uniform temperature on the heating surface (75% lower 
temperature variation, Alharbi et al., 2004)
Lower pressure drop (60%, Pence, 2002) / pressure drop penalty 
(10%, Alharbi et al., 2004) 
(Wang et al., 2006)
Pressure drop penalty
(Wang et al., 2006)
Lower pressure drop
8.8 kPa for 
parallel 
channels




Boundary layer reinitiate at bifurcations results in recovery in pressure 
and Nu.
Secondary flow motions initiated at bifurcations (longitudinal vortices, 
transverse vortices), causing laminar mixing which improves local Nu;
Not fully developed flow in higher branching level also results in lower 
pressure drop.
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Senn and Poulikakos (2004)
Straight Channels
Fractal Channels




Design factors Change Values Publication
• Diameter
• Total number of 
branching levels
Increase
• Heat transfer capability increases
• Pumping power decreases




• Pressure drop increases
• Distribution uniformity of outlet mass 
flow rate increases
• 30˚ is optimal angle
Want et al., 
2007
Aspect ratio (AR) Increase
• COP decreases








• Pressure drop is larger
• Difference is insignificant
Chen et al., 
2012, 2015
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Research Trends and Gaps
Modeling:
1-D, 2-D, 3-D
Assumptions tend to be more complicated and closer to reality
Mostly are steady state simulation, few investigated transient 
heat conduction (Chen et al., 2015).
Experiment:
Most focus on thermal and hydraulic performance of channels,
few investigated adiabatic flow boiling (Daniels et al., 2011) and 
utilized flow visualization (Guo et al., 2014).































Strongly depends on initial
setting



















Height (mm)  (W) (K/W)  (g/s)  (W/K) (W/K)
Fully open channels 0.5 12.3 3.25 101 421 0.307
Optimal design 0.5 794 0.0504 8.88 37.1 28.4
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Conclusions
Reviewed fractal heat exchangers
Advantages of fractal channels:
Higher heat transfer performance
Lower pressure drop 
More uniform temperature






Most research are analytical or numerical. More 
experiments should be done.
Most designs are not optimal, leading to 
unfairness of comparison and conflictive results. 
Factors like branch angle and AR should be 
further studied to optimize designs.
No research has been conducted to liquid-to-gas, 
gas-to-gas heat exchangers. 
Gradually developing topology optimization 
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